CIRCUIT AND METHOD FOR -ni MMSNa mTirnp ^tED rTHrTTTTS 
CROSS-REFERENCE TO RELATED APPLICATION 

TWs appKcation is a continuation appHcation of copending appUcation S^^ 
09/940.660 filed January 24, 2000 and assigned to the same assignee, the teachings of which are 
5 hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

llie present invention relates to acircuit and method for trimniingm^^^^ 
more particularly, the present invention relates to a circuit and method for trimming packaged 

10 i^t^gratedcircuitswitiioutrequixingadditionalpackagep 

Particular utiUty for the present invention is in trimming a reference voltage associated witii a 
mixed-signal IC; although the present invention is equally appHcable for any IC where a precise 
refeience voltage is desired: for example, accurate voltage controlled oscillator, high precision 
DAC, accurate current generator, etc. 

15 2. Description of Related Art 

In manufacturing analog (mixed signal) integrated circuits, the b^^^ 
usually not accurately controlled by tiie manufacturing process as may be desired. For example, 
capacitors and resistors may have fl,e wrx,ng value, and MOS transistors may have the v^ong 
gain setting. Tliere are too many variables in the manufactiiring process to 
20 predictable results. Yet historically analog circuits oft.n require very accurate voltage references, 
fi-equency references, and accurately ratioed elements. 

To compensate for the process vailabiUty. many electronic circuits use analog 
during test to set resistor values as necessary for proper operation of tiie circuit. A topical 



trimming technique utiUzes a resistor ladder comprising a series of serially coupled resistors each 
in parallel with either a fuse or anti-fuse. A fuse is a device that is substantially an electrical short 
until it is blown open. An anti-fuse is an electrical open untU blown when it becomes 
substantially an electrical short. 
5 The fuse-blowing approach may take several forms, each with its own shortcomings. 

Laser fuses may be used directly across each resistor element in the ladder to enable and disable 
conduction through the resistor. During test, certain resistors are selected to open the shunt 
element thereby adding resistance to the serial path. The resistor ladder should be adjustable at 
wafer test over a range from say 10 to 2,560 ohms in 10 ohm increments. 
10 The analog trimming may be performed iteratively, i.e. test, trim, test, trim, to measure 

the effect of the course trim and determine the necessary fine trimming. For iterative trimming, a 
laser trim system is typicaUy installed on the wafer tester to alternately test and trim. However, 
one laser system per tester is very expensive. The laser is often in an idle state waiting for the 
tester. Moreover, if either the test system or laser breaks down both are inoperative. 
15 An alternate approach is to use a zener anti-fiise across the resistor ladder. Such an 

element can be cheaply trimmed on the tester so that iterative testing can be done in one pass on 
the tester. Zener anti-fiises require large voltage to program. Such a voltage placed on the chip 
can affect the rest of IC especially for low voltage operation. Therefore, each anti-fuse requires 
its own extemal pad and probe card needle. This restricts the programming bit count to say 5-10 
20 bits before the die area for test pads and complexity of the probe card requirements become 
prohibitive. 

In general, iterative testing is a slow and expensive process. Consequently, many 
trimming techniques utiUze only a single pass to evaluate which resistors in the serial string 
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diould be included to achieve the. desired analog circuit operation. Thus, as result of a test 
measurement, the user blows the shunt fuse elements whereby the circuit is expected to operate 
as planned. The process of blowing the fuses typically involves laser trimming off-line from the 
test set to cut the poly material and open the shunt element. The circuit may be returned to the 
5 test set to verify proper trimming. If the subsequent testing should fail, the part is typically 
discarded since it is difficult to patch the shunt fuse elements. 

Moreover, these processes are performed at a wafer level, i.e., before packaging of the IC 
and require probe cards, long cables, etc., which is a labor and time intensive task for each IC, 
• During the packagmg process (e.g., die, cut and ceramic or plastic encapsulation), the IC is 
1 0 subject to mechanical and chemical stress which can again alter the components that have been 
trimmed by the wafer trimming processes, rendering wafer-trimming an unattractive altemative. 

One partial resolution to wafer-level trimming procedures can be found in U.S. Patent 
No. 5,079,5 16, issued to Russell et al. This patent discloses an after package (i.e., post- 
assembly) trimming circuit and method for a LF155 BIFET ® monolithic JFET input operational 
1 5 amplifier, that operates to correct any discrepancies of a wafer trimming process perfonned 
before packaging of the IC. The ^e of JFET IC described in this patent includes balance 
package pins (38 and 39, Figure 2) which are normally used to attach an external potentiometer 
to adjust the ofifeet voltage after packaging. The '516 proposes, however, the addition of on-chip 
trim circuitry which effects an internal trim procedure, utiUzing the balance pins akeady 
20 provided. The '516 also isolates the balance pins fmm the rest of the circuit after trimming, so 
that the trim value cannot be altered by an accidental input on the balance pins by the user. 
However, once trimmed the balance pins remain inactive, and cannot, by design be utilized by 
the IC. Thus, the balance pins remain as wasted real estate space on the IC, an important 
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consideration when minimizing package pins and chip "real estate". Additionally, newer JFET 
IC of the type described in the *5 16 patent do not have external balance pms, and thus, cannot 
use the trim process proposed in the '516, and must instead rely on wafer-level trimming 
processes. Thus, ifthe '5 16 patent were to be modified with newer IC packages, the trim 
5 circuitry described therein would necessarily require additional package pins that would be only 
used for trimming. 

Additionally, conventional trimming process using fuses and/or zener diode require 
significant input current to effectuate blowing the fiise or zapping the diode. It is recognized that 
the requirement of high current in an IC requires additional measures to ensure that other 
1 0 components remain isolated firom high current conditions. AdditionaUy, such high current places 
large power requirements on the IC, which is undesireable. 

Therefore, there exists a need to provide an on-chip, after-package trim circuit which 
does not require additional external package pins can utiUze package pms of the IC and which 
relinquishes the package pins after trimming, for use as proscribed by the IC. A need also ejcists 
15 to provide a trim circuit adapted to be isolated firom the remainder of the IC, so that the 
fimctionality of the IC is not compromised and so that additional components need not be 
incorporated into the IC to effectuate the trim process. There also exists a need to provide a trim 
circuit and methodology that is dynamically designed, and insensitive to varying chip-to-chip 
tolerances of the components incorporated into the IC. 

SUMMARY OF THE T>An7NTTr)N 

Accordingly, it is one object of the present invention to provide an after package 
integrated circuit trim circuit and method which utiUzes fiises for setting a trim voltage. 
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It is another object of the present invention to provide an after package integrated ciicuit 
trim ciicuit and method which does not require additional pins to accomphsh a triniming 
procedure. 

The present invention accompUshes these and other objects by providing a programmable 
5 after-package, on-chip reference voltage trim circuit for an IC. The programmable trim circuit 
includes a register being controlled to generate a sequence of test bit signal and a sequence of set 
bit signals. A plurality of programmable trim cell circuits are selectively coupled to the register, 
and each cell receives a test bit signal and set bit signal ftom the register. The trim cells are 
adapted to generate output signals equal to said test bit signal or said set bit signal, respectively, 
10 supplied to each trim cell. A digital to analog converter (DAC) circuit is coupled to the output 
signals and generates a trim current signal proportional to the output signals. The trim cuirent is 
injected into a resistor placed between trim cuirent generator and voltage reference block A 
trim voltage signal, with sign and magnitude is now available for adjustmg the mitial, fixed, 
voltage reference value. It is added to an initial value of a reference voltage generated by said IC. 
15 In the preferred embodiment, the trim cell circuits include an OR gate having a first input 

and a second mput, the second input being selectively coupled to said test bit signal. The trim 
circuits also include a set circuit portion including a first switch having a control node selectively 
coupled to the set bit signal and a conduction node, a second switch having a control node 
coupled to said conduction node of the first switch, an active node coupled to a common voltage 
20 rail suppUed by said IC and a conduction node coupled to the first input of the OR gate. A 

nominal current source is provided in parallel with said second switch and comiected to the first 
input of the OR gate and the voltage rail. A fiise is coupled between a ground potential rail 
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supplied by the IC and the first ii^ut of the OR gate. The set bit signal controls the conduction 
state of the first and second switches, and the input value of the first input of the OR gate. 

. In operation, the preferred trim circuit operates as follows: if the set bit is high, both the 
first and second switches conduct and a conduction path between the voltage rail and ground is 
5 estabUshed through the fose causing said fuse to break, and thus the voltage rail is permanently 
coupled to the first input of said OR gate; and if the set bit is low, both the first and second 
switches do not conduct and the fiise remains intact, and a conduction path is established 
between the voltage rail and ground through the fixse and the current source thereby generating a 
low input to the first input of the OR gate. 

0 In method form, the present invention provides method of trimming a reference voltage 
for an integrated circuit comprising the steps of: measuring an initial value of a reference voltage 
signal generated by the IC; comparing the initial value signal to a high precision reference signal; 
generating a control signal indicative of the sign of difference between the initial value signal 
and the higji precision signal; controlling a plurality of him cell circuits to generate a bit 

1 sequence indicative of a sign and magnihide of a trim current; generating a trim current having a 
sign and value proportional to the bit sequence; generating a tiim voltage by applying the trim 
current into a resistor placed between trim current generator and voltage reference block; 
adding the trim voltage to the initial value signal and detertriining if tiie added signals 
approximately equal the high precision reference signal; and permanently setting the bit values 
generated by the tim cells when the added signals equal the high precision reference signal. The 
prefened method also includes the step of electiically isolating tiie trim cells fi-om tiie IC after 
the step of pennanentiy setting said bit values. 
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It will be appreciated by those skilled in the art that although the following Detailed 
Description will proceed with reference being made to preferred embodiments and methods of 
use, the present invention is not intended to be limited to these preferred embodiments and 
methods of use. Rather, the present invention is of broad scope and is intended to be limited as 
only set forth in the accompanying claims. 

Other features and advantages of the present invention will become apparent as the 
following Detailed Description proceeds, and upon reference to the Drawings, wherein Uke 
numerals depict like parts, and wherein: 
Brief Description of flie Drawings 

Figure 1 is a detailed circuit diagram of an exemplary reference voltage trimming circuit 
of the present invention; 

Figure 2 is a detailed circuit diagram depicting an exemplary test procedure of the circuit 
of Figure 1; 

Figure 3 is a detailed circuit diagram depicting an exemplary fuse bximing procedure to 
set the reference voltage of the circuit of Figure 1 ; 

Figure 4 is a detailed circuit diagram depicting an exemplary fuse burning procedure to 
isolate the trimming of the circuit of Figure 1; and 

Figures 5A, 5B and 5C are flowcharts of the preferred reference voltage t rimmin g 
process of the present invention. 
Detailed Description of Preferred Embodiments 

Figures 1-4 depict detailed circuit diagrams of an exemplary reference voltage trimming 
circuit of the present invention. Before discussing in detail the trimming circuitry and 
methodology of the present invention, it should be noted that the IC 10 includes common 



components that are utilized h^ein. As will be undarstood by those skilled in the art, mixed 
signal IC packages generally include package pins that are directed to the overall functionality of 
the IC. The particular functionality of the IC is not important to the present invention, but may 
include D/A and A/D converter circuits, Op Amps, VCO circuits, etc. In the examples shown in 
Figures 1-4, the package pins utilized herein include VDD 28 (e.g., common voltage rail), GND 
26 (e.g., ground) and an internal reference voltage VREF that is generated by the IC that has a 
value and accuracy for a particular application (i.e., functionality) of the package. Mixed-signal 
IC packages also typically include I/O signal lines and package pins to operable with an intemal 
bus controller (which, in the present example, is an SMBUS IC controller 42) for controlling I/O 
signal lines (i.e., data bus) and/or common bus pinouts bus pins, SMBCLK 22 and SMBDATA 
24. The bus (SMBCLK 22 and SMBDATA 24) depicted in Figs. 1-4 is shown as an I^C bus 
conJBguration, but may alternatively be a PCI bus configuration, USB, 1394, etc., or other bus 
configurations known in the art. The particulars of the bus are not important to the present 
invention, provided that the bus can be used to control and address an internal register 12 
associated with the IC 10. It should be noted at the outset that the example shown in Figures 1-4 
is directed to tri m mi ng the reference voltage, as found on the VREF pin 56. The present 
invention is intended to provide after-package reference voltage (VREF) trimming circuitry and 
methodology which does not require additional pins, and fiirther, which utilizes the internal 
register 12 only for the trimming procedure, and upon completion, releases the register for use by 
the IC. Additionally, the trim circuitry includes isolation circuitry to release the package pins 
utilized during testing, so that the package pins can be used by the IC as intended. These 
components set out above will be referred to herein, and should be recognized as being common 
to IC packages, regardless of the fimctionality of the IC. 
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Preferably, liie reference voltage trim circuitry of the present invention is progranunable 
to provide a best-fit trim value, and includes fuses to permanently set the best-fit value. As an 
overview, the present invention comprises three main operations: 1) determination of an initial 
value of an IC reference voltage (VO) and comparing that value with a known, high-precision 
5 reference signal to determine the offset of reference voltage, 2) programming trim circuitry with 
a bit count to generate a trim current , to convert it into a trim voltage and increment (add or 
subtract) the reference voltage (VO) with the trim voltage to obtain a reference voltage to within 
a predetermined tolerance, and 3) pemianently fixing the value of the trim signal (and thus, the 
reference voltage), and isolating the trim circuitry firom the internal IC register and the package 
10 pins. Each of these operations, and the preferred circuitry to accomplish same, are discussed 
separately below. 

TEST INTEFACE CIRCUITRY AND MEASUREMENT OF VO 

For clarity the initial reading of VREF shall be referred to herein as VO. To measure the 
IC reference voltage VO, and for controlling the IC, via VO lines 22, 24, to implement s test 

15 procedure, a test interface 50 is provided. The test interface includes a high precision 

comparator 52 that compares the IC reference voltage VREF (VO) to an internally generated, 
high precision reference signal Vref 72, generated by generator 54. To accurately define the 
amount of trimming necessary for VREF, it is preferable that the signal generator 54 generates a 
reference signal 72 having an accuracy greater than the desired resolution of VREF. The 

20 comparison of the high precision reference signal Vref 72 and the reference signal VO 56 (at 
comparator 52) generates a control signal 58, indicative of the sign of VO with respect to Vref 
The test interface circuitry preferably also includes a bus controller 62, that is appropriately 
adapted to write data to the bus controller 42 (via I/O liiies22, 24). The bus test controller 62 is 
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provided to interface with bus controller 42 (internal to the IC) for controlling read/write 
operations to register 12, as will be described below. The test interface also preferably includes a 
voltmeter 60 to monitor the incremental adjustments made to VO during the trimming procedure 
(as will be described below). Once the control signal 58 is initially determined, it is used to 
control the test controller 62. By convention, it will be assumed herein that if VO >Vref, the 
control signal 58 will be negative (-), indicating that the trimming must reduce the value of VO. 
Likewise, if VO<Vref, the control signal 58 will be positive (+), indicating that trimming must 
increase VREF (VO). Once VO is determined, test controller 62 (belonging to test interface 50) 
will command controller 42 (belonging to IC 10) based on the value of control signal 58, to 
begin the trim test procedure, described below. 

Figure 5a depicts the preferred flowchart 1 00 for the initial reading of VO, and the 
determination of the sign of control signal 58. For clarity, those components set forth in Figures 
1-4 (i.e., test interface 50 including comparator 52 and high precision reference signal generator 
54) will be referred to below without reference numerals. Initially, the test interface takes a 
reading if the initial value of the IC reference voltage VO 1 02. The test interface compares VO 
to a high precision reference voltage Vref 104. To generate the control signal 1 10, a comparator 
determines if Vref>VO 1 12, or if Vref<VO 1 14. If Vref>VO, the test interface concludes that a 
trim voltage must be added to VO, and thus the sign of the sign control signal is positive (+) 116. 
Conversely, if Vref<VO, the test interface concludes that a trim voltage must be subtracted from 
VO, and thus the sign of the sign control signal is negative (-) 1 18. If 1 16, the test interface 
controls an internal IC register to assign a sign bit=l 120, indicating that the sign of the trim 
voltage is to be positive. If 1 18, he test interface controls an internal IC register to assign a sign 
bit=0 122, indicating that the sign of flie trim voltage is to be negative. In either case, the 
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controller begins the test procedure, as to trim the reference voltage VO to within a 
predetermined threshold, the preferred process of which is depicted in Figure 5B (described 
below). 

BIT COUNT TRIMMING AND PREFERRED TRIM CIRCUITRY 

Turning now to the on-chip trim circuitry, and as an overview, the preferred arrangement 
includes a sign designation trim cell I4A, and apluraUty of trim cells 14 B, 14C, 14D and 14E 
that are selectively coupled to an IC register 12. Each trim cell defines one bit, from LSB to 
MSB, of a bit coimt. Test cell 14A is designated as the sign bit generating cell, whose value 
remains constant during the bit count procedure herein described. An additional cell 16 is 
provided to control access and isolation of the test cells 14A-14E. For manufacturing ease and 
overall repeatability, it is preferred that the cells 14A-14E and 16 be substantially identical 
(except as more fully described below). Each trim cell 14A-14E has two inputs from the register 
12: a test input (T) and a set input (S). Accordingly, each trim cell 14A-14E preferably includes 
a test circuitry and set circuitry. Control cell 16 has a smgle input from the register 12 
(designated as OPEN). During the bit count, the register 12 supplies test cells 14B-14E with the 
current bit count on each respective bit test hne T. Preferably, during the test procedure, the 
register holds the set circuitry of each trim cell inactive by supplying a bit value of 0 thereto, 
until the proper best fit bit values have been determined and the best fit values have been 
simulated. The preferred circuit arrangement for trim cells 14A-14E is described more fiilly 
below. 

Each test cell 14A-14E preferably includes an OR gate 30, a current source 32 and a 
transistor pair MN 36 and MP 34, and a fuse 48. Each test cell is adapted to perform a test 
procedure and a set procedure. ■ To that end, in the preferred embodiment of Figures 1-4, each 
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test cell includes test circuitry and set circuitry. The transistors, current source and fuse are 
coupled to a set bit input (S) from the register 12 and to the OR gate. During the test operation, 
the set bit input is held low, so that this circuitry remains inactive. For testing, the test bit signal 
T is directly coupled to the OR gate (via transfer gates 38) from the register, which are generated 
by the controller 42. Resistors Rl, R2 are provided as bias resistors for the transistors MN and 
MP, as is understood in the art, and are not essential to understanding the present invention. 
Likewise, resistor R3 is provided to prevent a floating condition at the OR gate 30 when the fuse 
is blown. The transistors are used once the correct bit value for that cell has been determined, for 
blowing the fuse 48 associated with each ceU, the operation thereof is set out below with 
reference to Figure 3. Transistor MN 36 preferably comprises a low-power nMOS transistor 
that is controUed by the set bit (bit S output from register 12). The drain of MN is coupled to the 
IC voltage source VDD 28 (via biasing resistor R2), and to the gate of MP 34. Transistor MP 
preferably comprises a high-power pMOS transistor having its source coupled to VDD and it's 
drain coupled to the OR gate 30. Also coupled to the source of MP (and to the drain of MN), a 
current source IG is provided, which is likewise coupled to the OR gate 30, as shown, and to the 
fuse 48. MP is provided in parallel with IG, and both are coupled to the fuse and ground GND 
26. Preferably, fuse 48 comprises a metal or polysihcon resistor. Most preferably, the fuse 48 is 
blown by electrical overstress, for example, having a maximum electrical stress (i.e., rating) 
value of 1A/5V for metal type resistors or 0.1A/5V for polysilicon. As is understood, the value 
of the fuse 48 is not limited to the above-example, and all such fiise types known in the art are 
deemed within the scope of the present invention. Accordingly, the current source 32 preferably 
generates a current having a value several orders of magnitude smaUer than required to blow the 
fuse 48 (for example, a 1 fiA is sufficient for most applications). 
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During the trim process, controller 62 of the test interface 50 commands controller 42 of 
the IC 10 (via, e.g., VO lines SMBCLK and SMBDATA) to take control of internal register 12 
and begin a bit counting procedure on those bits that have been designated as test bit (T) signal 
lines. Additionally, the test bit input into the sign designation trim cell 14A is held constant, and 
is not part of the bit count sequence. The sign bit T supplied to test cell 14A is determined by 
control signal 58, described above. The remaining test cells, 14B-14E, receive input data from 
register 12 (via test signal lines T) reflective of the bit count sequence. It is preferred that the bit 
count proceeds from the LSB to the MSB. Thus, the bit count during the test procedure 

proceeds from 0001, 0010, 001 1, 0100 1111 (i.e., LSB to MSB) for a 4-bit resolution 

trimming procedure. In the examples shown, at each bit count, test bits 3, 5, 7 and 9 (in register 
12) will be incremented. Those skilled in the art will recognize that there is no particular 
significance associated with the choice of these particular bits, but is only provided as an 
example. Moreover, those skilled in the art will recognize that any number of test cells can be 
provided to achieve a desired resolution, and the circuit diagrams depicted in Figures 1-4 are 
merely shown as an example. 

At each counting step, the test cells pass each bit value through to OR gate 30. The 
output signals of each OR gate are input into a current D/A converter, current DAC 18. The bit 
vdues are summed and converted into tim current, Itrim, utilizing the current DAC 18. A 
voltage drop Vtrim 70 is added to the initial reference value VO to produce VREF. Accordingly, 
VREF is defined ais fimction of VO (the initial value of VREF) and the addition of the trim 
voltage, Vtiim (i.e., VREF = f(VO + Vtiim)). To that end, trim resistor RO is provided and 
coupled to Itiim, for generating Vtiim. The value of RO is not important, provided tiiat it 
remains constant throughout the procedure. The current DAC 1 8 provides an analog current 
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Itrim, whose absolute value is a function of the test bits: bit_0, bit_l, bit_2 and bit__3 (output 
from test cells 14B, 14C, 14D and 14E, respectively). The sign of Itrim is determined by bit_s, 
which is proscribed by the control signal 58, described above. 

Initially, the test cells 14A-14E are opened to .accept data from the register 12, via cell 16. 
Cell 16 (herein referred to as the OPEN/ISOLATE cell) controls the OPEN signal line 40. 
Coupled between each input date line T and S from register 12 and each cell 14A-14E, a 
plurality of transfer gates 38A-38E are provided. The transfer gates 38A-38E are controlled by 
the OPEN signal line 40. During the test and set procedures, the OPEN signal line controls gates 
38A-38E so that data from register 12 is permitted to flow into the test cells 14A-14E. To 
accomplish this, cell 16 has a configuration similar to test cells 14A-14E, but operates on a single 
input OPEN, and further includes an inverter 44. During the test and set procedure, the OPEN 
bit is held low, so that the output of the inverter is HIGH, thus opening the transfer gates 38A- 
38E. 

In the example of Figure 1-4, it will be assumed that sign signal 58 is determined to be 
negative (i.e., VO>Vref), and thus, will dictate that the current Itrim (and hence the trimming 
voltage Vtrim) be negative, and that the negative value Itrim be summed with VO, By 
convention, for current DAC to produce a negative current, the sign bit is 0. Thus, controller 62 
conunands controller 42 to ensure that the register has a bit value of 0 for the test bit signal line T 
(bit 1 in the drawings) associated with cell 14A throughout the entire test procedure. Referring 
now to Figure 2, assume that the trimming test procedure has been underway, and that test bits 
3,5,7and 9 have values of 0, 0, 1 and 1, respectively. The current DAC will generate a current 
Itrim based aud these bit values (which generates a proportional trimming voltage Vtrim across 
resistor RO). Vtrim is added to VO and again compared to Vref, at comparator 58. This is done 
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for each bit count in the sequence. Note that bit 1=0, and thus Itrim is negative, and thus Vtrim is 
negative. If the comparison generates a control signal 58 that has changed sign (e.g., VREF is 
now less than Vref), then it is determined that Vtrim has been established to within the threshold 
of 1 LSB. Controller 62 commands controller 42 to stop the bit count sequence and hold the 
current bit sequence in the register, for emulation and settmg. 

In the example shown, assume the correct bit sequence is determined as being 0, 0, 1, 1 
for test cells 14b, 14C, 14 D, and 14E, respectively (See Fig.2). For test cell 14A it is 
determined that Vtrim should be negative, and thus cell 14A generates a 0 value. This is only an 
example, and is not to be construed as limiting the present invention to tiiis particular bit 
sequence. 

Figure 5B depicts a flowchart 200 for the preferred trim test procedure for obtaining the 
value of the trim voltage Vtrim. For clarity, those components set forth in Figures 1-4 (i.e., test 
interface 50 including comparator 52 and high precision reference signal generator 54, and the 
trim components associated with the IC 10 including the trim cells 14A-14E, isolation cell 16, 
register 12 and transfer gates) will be referred to below without reference numerals. Once the 
sign of the sign control signal 58 has been determined, the test procedure begins by controlling 
the IC data bus and internal register 202 to begin a bit count procedure. A sign bit, reflective of 
the sign of the sign control signal, is assigned in the register 204. According to a predetermined 
desired resolution (i.e., bit-depth), a plurality (n) of test bits are assigned in the register 206. To 
access the trim cells circuits, an OPEN bit is assigned in the register -208, which couples the trim 
cells to the register. The register is controlled to begin a count of the test bits in order, from LSB 
to MSB 210. At each count, each test bit is placed into a corresponding trim cell 212. At each 
count, the test bits are summed 214, and the summed test bits are converted to generate a trim 
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cunent, Itrim, 216.. At step 216, the absolute value of Itrim is detennined. The sign of Itrim is 
determined using the sign bit 218. Itrim is input into a resistor (RO) to generate a voltage drop, 
Vtrim (=Itrini x RO), proportional to Itrim. Itrim x RO (Vtrim) is added to VO 220. A test 
interface reads VO + Vtrim, and compares VO + Vtrim to the high precision reference voltage 
Vref222. The test interface determines if control bit of test interface , changes the value. If so, 
at this point, these bit values are emulated and the trim circuitry is isolated from the register, as 
set out below with reference to Figure 5C. If not ,the test interface determines if Itrim is 
maximum for the given bit resolution 228. If so, the IC is determined bad and the procedure 
stops 230. If not, then it is known that the current bit count has not achieved a correct value for 
Itrim, and the process repeats with the next count 234. If the sign of the control signal has 
changed, it is determined that Itrim is estabhshed to within the limits of the predetermine bit 
resolution (n) (i.e., to within one LSB) 236. With these bit values, the IC is emulated to ensure 
that Itrim still produces the correct trim voltage Vtrim 238. The test interface holds these bit 
values in memory 240, which are used to set the trim cells (described below with reference to 
Figure 5C 242). 

SETTING TH E TRIM VALUE AND ISOLATING THE TRIM CIRCUITRY 

Referring now to Figure 3, and assuming that the correct bit sequence has been 
determined and emulated, controller 62 commands controller 42 to shift, in the register 12, the 
test bits to the corresponding set (S) bit Unes for each trim cell. In the example shown, bits 0 and 
1 are input as set (S) and test (T) bits into test cell 14A, bits 2 and 3 are input as set (S) and test 
(T) bits into test cell 14B, and so on for test cells 14A-14E, as shown. Thus, in this example, bit 
1 is shifted to bit 0, bit 3 is shifted to bit 2, bit 5 is shifted to bit 4, and so on, for test cells MA- 
HE. By shifting the bits as shown, the set circuitry associated with each test cell is activated. 
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As an example, the operation of the preferred set circuitry is described below. At the outset, it is 
to be understood that if a particular bit in the test cell is 1, the fuse for that bit will blow, thus 
permanently setting the output of that cell to 1 . Likewise, if a particular bit in the test cell is 0, 
. the fuse for that bit will not blow, thus permanently setting the output of that cell to 0. 
SET 817=1 

In Figure 3, the following description centers around test cell 14D, which has a set bit (S) 
value of 1, as shown. It is assumed that controller 62 commands controller 42 to hold the OPEN 
signal line 40 in a conductive state, via cell 16 and the OPEN bit input from the register 12, 
thereby permitting the test cells to receive data input from the register 12 via transfer gates 38. It 
is also assumed that the test bits have been shifted to the set bits. As is shown, the set bit is input 
into the gate of switch (e.g., transistor) MN 36, which turns MN 36 ON (i.e., conducting). The 
drain of MN 36 is coupled to VDD (via biasing resistor Rl) and to the gate of switch MP 34. 
Since tiie drain of switch 36 is conducting VDD, and since the drain is coupled to the gate of 
switch MP 34, switch 34 is likewise conducting. Thus, a conduction path is established from 
VDD, through MP34, through Fuse_2 (Figures 1 and 2), to ground GND. Fuse_2 has a rating 
less than VDD, thus Fuse_2 is blown, as shown in Figure 3. Current source 32 is coupled to 
VDD and to OR gate 30, in parallel with switch 34. A similar operation occurs at test cell 14E, 
whose set bit is also equal to 1, thereby blowing Fuse_3. 
SET BIT=0 

In Figure 3, the following description centers aroimd test cell 14A, which has a set bit (S) 
value of 0, as shown. Recall that test cell 14A controls the sign of Itrim, via the current DAC 18. 
It is assumed that controller 62 commands controller 42 to hold the OPEN signal line 40 in a 
conductive state, via cell 16 and the OPEN bit input from the register 12, thereby permitting the 
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test cells 14A-14E to receive data input from the register 12 via transfer gates 38. It is also 
assumed that the test bits have been shifted to the set bits. As is shown, the set bit is input into 
the gate of switch (e.g., transistor) MN 36, and, since the set bit S=0, MN 36 OFF (i.e., not 
conducting). The drain of MN 36 is coupled to VDD (via biasing resistor Rl) and to the gate of 
switch MP 34. Since the drain of switch 36 is not conducting and since the drain of switch 36 is 
coupled to the gate of switch MP 34, switch 34 is likewise in a non-conducting state. Thus, no 
conduction path is estabUshed from VDD, through MP34, through Fuse_sign (Figures 1 and 2), 
to ground GND. Moreover, since the current source 32 is in parallel with MP, the current source 
is only conducting a nominal amount of current, insufficient to blow Fuse_sign. Thus, fuse_sign 
remains intact, and supplies a conduction path to ground for the current source. Thus, both 
inputs to the OR gate 30 remain low, and hence, the output is low. A similar operation occurs at 
test cells 14B and 14C, whose set bit is also equal to 0, and thus, Fuse_0 and Fuse_l remain 
intact 

Once the appropriate ftises have been blown, or left intact, as described above, the 
prefen-ed embodiment implements an isolation procedure to free the internal register 12 for other 
purposes, so that an additional register need not be dedicated only to the trimming procedure, 
and for permanently isolating the test cells so that the trim value obtained therefrom does not 
change. Accordingly, and referring now to Figures 1, 3 and 4, test controller 62 commands bus 
controller 42 to change the sign ofthe OPEN bit coupled to cell 16, in register 12. Before 
discussing the preferred isolation operation, a brief description of cell 16 follows. Cell 16 
preferably includes an nMOS transistor 36', a pMOS transistor 34', a current source 32', a ftise 
(Fuse^freeze) and an inverter 44. (It should be noted the drawings depict biasing resistors 
associated with cell 16 that are not essential to the understanding of the present invention, and 
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are included to properly set the bias of transistors 36' and 34', as is understood in the art). The 
gate of switch 36' is coupled to the OPEN bit signal line from register 12. The drain of switch 
36 ' is coupled to gate of switch 34' and to the source of switch 34' . The gate of switch 34' is 
coupled to ground GND, through Fuse_freeze, and to the input of inverter 44. In parallel with 
switch 34' is current source 32', having similar properties as current source 32, described above. 
During the test and set operations, OPEN bit signal line is held LOW, thus, switches 34' and 36' 
are in non-conducting states. Hence the input of inverter 44 is LOW, and it's ouput is HIGH, 
thereby placing transfer gates 38 in conducting states. Once the fuses are set (described above) 
it is preferable to isolate the test cells 14A-14E, as follows. Controller 62 commands controller 
42 to change the OPEN bit in register 12 from LOW to HIGH. At this time, switches 34' and 
36' are conducting, and Fuse_freeze 46 is blown, thereby isolating the transistors 34' and 36'. 
Since the curreiit source 32' is in parallel with switch 34', it controls the input to the inverter 44. 

In Figure 4, the result of this operation is depicted. The input to inverter 44 is current 
source 32'. The inverter preferably comprises sufficient input impedance to effectively raise the 
input to HIGH, via crarent source 32', and thus, the output signal 40 is low. Thus, all the 
transfer gates 38 are OFF, thereby isolating the register 12 from the test cells 14A-14E. Siuce 
the test cells are isolated, the values generated by each OR gate remain fixed, as set by the test 
and set procedures described above. Note that, if a set bit is 0 for a particular cell (in this 
example, cells 14A, 14B and 14C) the current source 32 is couple to ground via the unblown 
fuse (e.g., Fuse_sign, Fuse_0, and Fuse_l). Thus, VDD (coiqiled to the current source) has no 
effect on the circuit and will not generate a HIGH value input into the OR gate. Those skilled in 
the art will recognize that the input impedance of the OR gate is orders of magnitude higher than 
the resistance of the fuse. Thus, the current from the current source flows to ground through the 
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fuse and does not register as a HIGH input into the OR gate. Conversely, if a fuse has been 
blown (in this example, as shown in test cells 14D and 14E). The current source is coupled only 
to the input of the OR gate. Likewise, VDD is coupled to the OR gate via the current source. 
Thus, the input into the OR gate remains permanently HIGH. Thus, the trim current, Itrim, 
generated by the current DAC is permanently set by these inputs from the OR gates of each test 
cell Thus, as shown in Figure 4, register 12 is completely isolated from the test cells 14A-14E 
and the OPEN cell 16, and may thus be used by the IC for other purposes. Moreover, package 
pins VDD 28, VREF 20, I/O pins 22, 24 and GND 26 are freed for use by users of the IC. 

Figure 5c depicts a flowchart 300 for the preferred method of setting the trim value 
(Vtrim) and isolating the trim circuitry from the register. For clarity, those components set forth 
in Figures 1-4 (i.e., test interface 50 including comparator 52 and high precision reference signal 
generator 54, and the trim components associated with the ICIO including the trim cells MA- 
HE, isolation cell 16, register 12 and transfer gates) will be referred to below without reference 
numerals. As set out above with reference to Figures 1-3 and 5B, Vref (VO + Vtrim) have been 
established to within the resolution limits 302. The test interface again controls the data bus and 
register 304 to begin the isolation procedure and trim voltage setting procedure. In the register, 
each of the test bits are transferred to the set bits, respectively, and the sign bit is likewise 
transferred to a set bit, each set bit corresponding to one trim cell 306. In each trim cell, circuitry 
is provided to bum a fiise (associated with that trim cell) if the set bit = 1, including the 
transferred set bit of the sign bit 308. The test interface controls the register to change the sign of 
the OPEN bit 310, thereby changing the state of the cell controlling access to the trim circuitry. 
By changing the sign of the OPEN bit, a fuse is blown in the cell controlling the trim circuitry, 
thereby isolating the trim circuitry (i.e., trim cells) from the register 312. The test interface again 
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compares VREF to Vref 314. If VREF = Vref 316 within ILSB accuracy , the IC is deemed 
operable, and VREF is accurate 318. If VREF does not equal Vref within ILSB accuracy, the IC 
is deemed bad, in which case an accurate VREF signal cannot be obtained, and the chip is 

discarded 320. 

Although the drawings depict the test bits are bits 3,5, 7 and 9. As is shown, for test cell 
In operation, the test bit (T) is directly coupled to the OR gate (via transfer gate 38, described 
below). Likewise, the above described arrangement of the transistors ensures that if the set bit is 
0, the fuse he OR gate 30 preferably has two inputs: a test input and a set input. In the 
embodiment shown in the figures, the test input, T (generated by register 12) passes through the 
test cell to the input of the OR gate. Additionally 

Thus, it is evident that there has been provided an after package trim circuit and method 
that satisfies the aims and objectives stated herein. Those skilled in the art will recognize 
numerous modifications that can be made to the present invention. For example, although the 
detailed description sets fourth an exemplary bit-depth of 4 bits, it is to be understood that any bit 
depth can be chosen, depending on the desired resolution. To that end, the additional trim cells 
14A-14E would need to be provided if a greater resolution is desired. Of course^ those skilled in 
the art will recognize that the resolution limits may depend on the size of the IC register 12 
(although it is equally contemplated that more than one register can be utihzed for the present 
invention). 

Other modifications are possible. For example, the transistors MN 36 and MP 34 are 
described herein generically as general MOS transistors, but could equivalently be replaced with 
BIT transistors, and/or other switches known in tiie art. Likewise, the current DAC 18 is 
preferably a generic current DAC having inputs as shown, which generates a proportional current 
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Itrim. It should be noted that it is assumed herein that the DAC generates a current Itrim that is 
linearly proportional to the bit value inputs. Alternatively, the DAC can be configured to 
generated a nonlinear (e.g., geometric, exponential, logarithmic, etc.) and/or weighted current 
value based on the inputs. The current source 32 is depicted as a dependant current source, 
dependant upon the voltage rail VDD. Since the current source is directly couple to the fuse, it is 
assumed that the nominal output is insufficient to blow the fuse, but rather provides a conduction 
path to ground. It is further assumed that only a direct coupling between the voltage rail and the 
fuse (via switch 34) is sufficient to blow the fuse. However, those skilled in the art will 
recognize that this configuration can be modified using additional circuitry, yet generating the 
same result. All such modifications are deemed covered herein 

Still other modifications are possible. For example, the test interface 50 disclosed herein 
can be provided as a separate board, having an appropriately adapted temporary IC chip holder 
with the pinouts for VDD, GND, VREF and the I/O bus lines, as shown. Alternatively, the test 
interface can include a separate portable hand-held device having the disclosed functionality, and 
having attachment means (e.g., cables, clips, etc.) to interface with tiie IC 10. 

Other modifications will become apparent to those skilled in the art. For example, it is 
assumed to a large extend that the components provided herein are of a generic nature, but that 
any of these components can be replaced with other conventional or proprietary circuit 
components known in the art. All such modifications are deemed within the spirit and scope of 
the present invention^ as defined by the appended claims. » 
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